Partial ͑Auger͒ yield near edge x-ray absorption fine structure ͑NEXAFS͒ is a structural analytical technique that has been primarily used to measure the spatial orientation and chemical bonding of small molecules on solid ͑i.e., inorganic or semiconductor͒ surfaces. In this article we demonstrate that the building block ͑BB͒ scheme proposed by Outka and co-workers ͓Phys. Rev. Lett. 59, 1321 ͑1987͔͒ for analyzing NEXAFS spectra can be applied to model the molecular orientation of larger molecules, provided one accounts properly for kinetic energy losses of the Auger electrons traversing through the sample and hence the attenuation in measured Auger yield. We test the applicability of the proposed ''modified'' BB ͑MBB͒ model by measuring the orientation of a self-assembled monolayer ͑SAM͒ of -O 1.5 Si-(CH 2 ) 2 -(CF 2 ) 8 F, SF-SAM (SiO x ), deposited on top of SiO x -covered silicon wafer as a function of the entrance grid bias ͑EGB͒ of the channeltron photoelectron detector. Our measurements of the EGB-dependent electron escape depth reveal that a crude depth profiling within the top Ϸ5 nm of the sample is possible by increasing the negative EGB on the channeltron detector, at the highest bias thus selecting only the Auger electrons, which have suffered negligible energy loss. In addition, we discuss how the order parameter method introduced recently by Stöhr and Samant ͓J. Electron Spectrosc. Relat. Phenom. 98-99, 189 ͑1989͔͒ can be used to determine the molecular orientation of large organic molecules on surfaces. We also show that by accounting for energy losses of the NEXAFS Auger electrons ͑attenuation of measured Auger yield͒, the corrected order parameter ͑COP͒ approach gives good estimates of the orientation of molecules. We present a comparison between the MBB and COP models using experimental data collected from NEXAFS experiments from semifluorinated ͑SF͒ mesogens, -(CH 2 ) x (CF 2 ) y F, which are attached to: ͑1͒ the isoprene backbone of polyisoprene or a styrene-isoprene diblock copolymer and ͑2͒ a SiO x -covered solid substrate. We show that on both surfaces, the SF groups are oriented and on average are tilted by an angle ͗ F-helix ͘ from the sample normal. We show that at higher ͗ F-helix ͘ the results from the COP approach agree almost quantitatively with those extracted using the MBB model.
I. INTRODUCTION
Recent advances in synchrotron radiation sources brought to fruition a palette of experimental techniques for characterizing the surface and near-surface structure of materials. Among the analytical techniques that greatly benefit from the high intensity and improved resolution of the current x-ray sources is near-edge x-ray absorption fine structure ͑NEXAFS͒.
1 NEXAFS involves the resonant x-ray excitation of a K or L shell electron to an unoccupied low-lying molecular orbital of or symmetry, * and *, respectively. The initial state K or L shell excitation gives NEXAFS its element specificity, while the final-state unoccupied molecular orbitals provide NEXAFS with its bonding or chemical selectivity. A measurement of the intensity of NEXAFS spectral features enables the identification of chemical bonds and a determination of their relative population density within the sample. Because of the fixed geometry and the fact that the 1s→* and 1s→* excitations are governed by dipole selection rules, the resonance intensities vary as a function of the direction of the electric vector E of the incident polarized x-ray relative to the axis of the * and * orbitals. Because sharp core level excitations for C, N, O, and F occur in the soft x-ray spectral region, NEXAFS is an ideal technique for probing molecular orientations of organic molecules. Since its first introduction as a routine analytical technique, NEX-AFS has proven advantageous in determining the orientation of small, usually diatomic, molecules and aromatic ring systems ͑e.g., benzene͒ adsorbed on surfaces of materials.
orientation of organized assemblies of organic molecules, such as self-assembled monolayers ͑SAMs͒ of thioalkanes, 2 oriented fatty acids prepared by the Langmuir-Blodgett technique, 3 and also surfaces of thin polymer films. 4 -17 One of the great advantages of NEXAFS that distinguishes it from most other analytical tools is its ability to simultaneously probe both the surface and bulk structure of thin films. This can be accomplished by collecting both the partial electron yield ͑PEY͒ and fluorescence yield ͑FY͒ NEXAFS signals, whose probing depths at the carbon K edge are Ϸ5 and Ϸ100 nm, respectively. 18 In addition, as described later in this work, the information obtained from the PEY signal can be further tailored by varying the entrance grid bias ͑EGB͒ of the channeltron photoelectron detector. A crude depth profiling within the top Ϸ5 nm is possible by increasing the negative EGB on the channeltron photoelectron detector thus selecting only those Auger electrons that have suffered negligible energy loss within the sample. The EGB refers to the center grid bias of a standard three grid ͑first and third grids at ground potential͒ high pass kinetic energy filter for the channeltron electron yield detector.
To interpret the angular dependencies of the NEXAFS spectra, information on the orientation of the dipole moments for the transition from the inner shell to an unoccupied molecular electronic state is needed. While for diatomic molecules symmetry arguments can be used to determine this orientation, for larger molecules a simplified model has been proposed. In this so-called building block ͑BB͒ model the angular dependence of a given resonance is obtained by regarding the molecules as being composed of diatomic subunits. 1, 4 The angular variation of the NEXAFS intensity of the specific resonance is obtained by simply summing the angular dependencies of all subunits that belong to the molecule. While successful in interpreting the data from small molecule system ͑mono-and diatomic molecules, SAMs͒, the use of the BB model in modeling more complex molecules, such as fatty acids, has given rise to some controversies. 3 It has now been appreciated that for complex molecules the simple building block picture may not provide quantitatively correct results. Specifically, depending on the bonding environment, the x-ray absorption spectra of the same chemical moiety may have various x-ray absorption shifts and as a result, the building block decomposition can be difficult to carry out. Several theoretical models have been developed that aimed at more accurately accounting for x-ray absorption in complex molecules. Among the most widely used models are the state-specific multiconfigurational selfconsistent field calculations, 19 Green's function calculations, 20 direct atomic orbital static exchange method, 21 and FEFF8 calculations. 22 These approaches have been extensively tested for oligomers and aminoacids, 23 and polymers 24 -26 and, in general, qualitative agreement was found between the predicted and experimentally observed x-ray absorption features. These direct calculations are unfortunately not yet accurate enough to be used directly to determine the orientation of a stiff polymer segment such as the fluorocarbon helix of interest here from the experimental data. What is needed is an uncomplicated, albeit less accurate, approach that uses the information available from the first principles methods described above to model NEXAFS spectra of certain simple molecules.
The goal of the present work is threefold. First, we demonstrate the applicability of the general concepts behind the building block model in modeling the NEXAFS intensities from organic molecules with single covalent bonds. Second, we show that in order to accurately describe the total intensity of the Auger electrons produced during the PEY NEX-AFS analysis one has to properly account for the energy loss of the detected Auger electrons traveling through the material. Finally, we offer an alternative method of evaluating the surface orientation of organic molecules adsorbed on solid surfaces. Based on the order parameter approach, recently introduced by Stöhr and Samant 16 and modified by us to account for the energy loss of the NEXAFS Auger electrons, the corrected order parameter ͑COP͒ method is introduced. We show that in spite of its simplicity, the COP method can be quite useful in getting ''a first glimpse'' at the orientation of organic molecules on flat surfaces.
To accomplish the above goals we use a model system consisting of semifluorinated ͑SF͒ molecules made of covalently connected hydrocarbon and fluorocarbon units that are attached by their free hydrocarbon chain end to either a polymeric backbone or a solid substrate. In the next section we briefly describe the building block model and discuss the corrections to this model due to the electron energy loss that constitute the basis of the modified BB ͑MBB͒ model. Section three of the paper focuses on evaluating the EGBdependent electron escape depth and provides a more indepth description of the MBB model. Section IV presents the experimental PEY NEXAFS data and shows that the MBB model provides an accurate method for interpreting the molecular orientation of the probed chains. Section V introduces the concepts of the corrected order parameter method. Section VI is devoted to using the MBB and COP models to evaluate experimental data on SF molecules and demonstrating their strengths and limitations. The method used to model the structure of the probing molecules can be downloaded from the website of one of the authors.
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II. THE NEXAFS BB MODEL
The equation for NEXAFS intensity I xy from a molecular orbital associated with the transition from 1s to antibonding state of a X -Y sigma bond (1s→ XY * ) has the form
where A is a prefactor, which describes the absolute angleintegrated intensity, 1 P is the polarization factor ͑degree of linear polarization͒ of the x-ray beam, and I XY 
where is the angle between the surface normal and the electric field vector of the polarized x-ray beam, and ␣ XY is the angle between the surface normal and the antibonding orbital of the X -Y bond. Consider now the case when the molecule is composed of n XY bonds, each of which has a different ␣ XY . Based on the simplified building block model, the total intensity, I XY ,total , originating from the whole molecule is given by Eq. ͑1͒ with
͑5͒
For 
where is the angle between the H-C-H atoms on the alkane molecule.
III. THE NEXAFS MBB MODEL
As mentioned in Sec. I, the applicability of the building block model has recently been questioned in the literature. 3 In this article we will demonstrate that the BB model can be used even for larger molecules with helical symmetry, provided one accounts properly for the molecule symmetry and the energy losses of the Auger electrons traversing through the sample. In the following part we describe the main idea behind the proposed corrections to the BB model equation.
It is well known that as an electron traverses through the material it loses its energy due to inelastic scattering. The intensity I of electrons originating at the depth d in the material and that suffer no energy loss is ͑in one dimension͒
where I 0 is the intensity of the electrons at the depth d and is so-called escape depth, which defines a distance in the material along which, on average, the electron does not undergo an inelastic scattering event. Considering that similar concepts apply also to the Auger yield ͑of varying kinetic energy͒ electrons measured in NEXAFS, Eqs. ͑4͒ and ͑5͒ can be written in a modified form as
͑12͒
where d XY ,i is the depth of the ith X -Y bond and * is the EGB ͑kinetic energy͒-dependent escape depth. The expression for I XY ,total is still given by Eq. ͑1͒. This is a MBB model. We should note that in constructing the model we were guided by the experimental observations reported by Castner and co-workers 29 revealing that the 1s→* transitions for the C-C and C-F bonds are maximized when the electric vector of the x-ray beam is parallel and perpendicular, respectively, to the main-(CF 2 ) -helical axis. This indicates that the antibonding orbitals of the C-C and C-F moieties are also oriented roughly parallel and perpendicular, respectively, to the main helical axis. The numerical analysis detailed later in the article is based on evaluating the C-F NEXAFS signal, whose antibonding orbitals are all delocalized primarily in the direction perpendicular to the main helical axis.
In Sec. IV we show how to obtain * from experimentally measured NEXAFS intensities and the subsequent section we apply the MBB model to interpret the experimental data on a model SAM material. The details of the geometry of our system, and the derivation of the expressions for cos(␣ XY,i ) and d i using the chain molecular parameters can be found elsewhere.
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IV. DETERMINING EGB-DEPENDENT ELECTRON ESCAPE DEPTH
In order to use Eqs. ͑11͒ and ͑12͒ for the analysis of PEY NEXAFS data, values of *, the EGB ͑kinetic energy͒-dependent value of the electron escape depth, have to be known. The * is a function of: ͑1͒ ͑the inelastic mean-free path͒ the zero energy loss escape depth, which itself depends on the initial Auger electron kinetic ͑carbon KLL Ϸ263 eV) energy and the material through which the electron travels and ͑2͒ the EGB value or high pass kinetic energy cutoff of the channeltron detector. In the following section we show how to measure * experimentally.
As mentioned previously by varying the EGB, one can effectively measure only those Auger electrons that: ͑1͒ have suffered no energy loss while transversing the sample and ͑2͒ have sufficiently high kinetic energy to reach the channeltron detector. Thus the effective depth in the sample from which the Auger electrons are detected can be adjusted by simply varying the EGB-the higher the EGB ͑higher electron kinetic energy͒, the smaller the effective probing depth. The EGB ͑kinetic energy͒ dependence of * was established by carrying out the experiments on a material with a well known structure-a self-assembled monolayer of -O 1.5 Si-(CH 2 ) 2 -(CF 2 ) 8 F deposited on top of a SiO x -covered silicon wafer. 30 This structure can be viewed as a source of the C-H bond signal originating at depth z in the sample, where z is the thickness of the fluorinated part of the molecule ͑1.04 nm͒ in the sample. The Auger electrons associated with the 1s→* transition of the C-H bond have to travel through the layer of -(CF 2 ) 8 F to reach the PEY detector. The effective thickness t of -(CF 2 ) 8 F layer depends on , the angle between the sample surface and the x-ray beam direction ͑cf. Fig. 1͒ . For the particular setup at the NIST/Dow soft x-ray materials characterization facility at the National Synchrotron Light Source ͑NSLS͒ at Brookhaven National Laboratory, where the experiments were carried out, the channeltron detector ͑equipped with EGB and GND grids, cf. Fig. 1͒ is positioned at ϭ45°with respect to the incoming x-ray beam ͑cf. Fig. 1͒ . 31 Hence t and z are related through
From Eq. ͑13͒ tϭz for (electron take-off angle)ϭ0°( ϭ45°) and tӷz for Ͼ0°. As mentioned earlier, the NEX-AFS intensities depend on . The sample-beam geometry reveals ͓Figs. 1͑a͒ and 1͑b͔͒ that for each , there is a complementary sample tilt angle, Ј, which is related to via
Јϭ180°ϪϭϪ. ͑14͒
Because of the fixed position of the PEY detector at the NIST/Dow soft x-ray materials characterization facility at the NSLS, the physically achievable range of Ј is 90°Ͻ ЈϽ135°, which corresponds to 45°ϾϾ90°. As mentioned earlier in the article, I xy (), the NEXAFS intensity from an X -Y bond depends both on the orientation of the bond on the sample surface, ␣ XY , and on the sample tilt and a variable take-off angle. For an X -Y bond located on the sample surface I xy () and I xy (Ј), the PEY NEXAFS intensity collected at Јϭ180°Ϫ, will be the same, regardless of the actual value of ␣ XY . However, for a bond located at depth z beneath the sample surface I xy ()ϾI xy (Ј) because the fraction of electrons that lost zero energy is larger for . Using Eq. ͑10͒
where I 0 is the ''true'' intensity of the Auger electrons associated with the 1s→* transition of a C-H bond located in depth z beneath the sample surface. By combining Eqs. ͑13͒-͑16͒ and after some algebra I 0 , can be eliminated and one arrives at
Thus by measuring I CH () and I CH (Ј) for a C-H bond located at a known distance z below the sample surface, one can establish *, the escape electron path of the C-H bond Auger electrons in the -(CF 2 ) 8 F layer, at a given EGB. tions for the C-H (Eϭ287.9 eV), C-F (Eϭ292.0 eV), C-C (Eϭ294.8 eV), C-FЈ (Eϭ298.5 eV), and C-CЈ (E ϭ300.6 eV) bonds. The intensity of the C-H signal for the ϭ130°spectrum is lower than that measured at ϭ50°. This decrease in I CH is caused by the attenuation of the C-H Auger electron signal as the pathway of the electrons for ϭ130°is much larger than that for the Auger electrons detected at ϭ50°. Realizing that since the area under the peak is directly related to the intensity from that bond, the ratio of the C-H peak areas from the spectra collected at ϭ50°and ϭ130°is the same as I CH ()/I CH (Ј). Using this ratio and the known value of z ͑ϭ 1.04 nm͒, * can be evaluated.
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By carrying out similar measurements at a series of different EGBs, the *ϭ* ͑EGB͒ dependence can be established. Empirically we found that at EGBϭϪ300 V almost no Auger electron signal originating from the C-H bond could be detected. By fitting the * versus EGB data ͑EGB ranged from Ϫ50 to Ϫ250 V͒ we find the following relationship:
where * is in nm and EGB ͑Ͻ0͒ is in V. Using Eq. ͑18͒, the values of * can be estimated for various EGBs. As an example, in Table I we show * for the Auger electrons corresponding to the 1s→* transitions for the C-H bond for five different EGBs. The results in Table I show that the EGB-dependent electron escape depth increases from Ϸ1.50 to Ϸ3.35 nm as the EGB is decreased from Ϫ250 to Ϫ50 V. The * values in Table I also demonstrate that the surface sensitivity of PEY NEXAFS can be conveniently fine tuned by simply varying the EGB. A remark on the applicability of Eq. ͑18͒ has to be made here. The carbon Auger energy is about 263 eV for all the resonances, it is only slightly affected by the fact that the final state of the carbon atom has either a C-H or C-F excitation. Hence Eq. ͑18͒ can still be used to estimate * for various EGBs and the Auger electron energies corresponding to the 1s→* transitions for the C-F and C-C bonds. It is interesting to compare these values with the inelastic mean-free paths ͑IMFPs͒ calculated using the approach developed by Seah and Dench
where d is the IMFP ͑in mg/m 2 ͒ and E k is the electron kinetic energy ͑in eV͒. Assuming a density of 1 g/cm 3 we get d Ϸ1.74 nm for E k ϭ250 eV.
In order to test applicability of the proposed MBB model, a series of experiments was carried out on the SF-SAM (SiO x ) sample. Figure 3 shows the PEY NEXAFS spectra from the SF-SAM (SiO x ) sample collected at EGB ϭϪ50 V and eight different sample tilt angles, . The dotted lines represent the experimentally measured spectra. The as- 3 . PEY NEXAFS spectra from the SF-SAM (SiO x ) sample collected at EGBϭϪ50 V and eight different sample tilt angles . The dotted line represents the experimentally measured spectra, the thick solid line, obtained by adding the Gaussian peaks, and the ionization edge ͑both plotted using thin solid lines͒ and the background ͑not shown here͒, represents the best fit using the model described in the text. The assignment of the various peaks in Fig. 3 is the same as that in Fig. 2 .
signment of the various peaks in Fig. 3 is the same as that in Fig. 2 . The observation that the intensities corresponding to the C-F and the C-C signals change as the sample tilt is varied indicates that the sample is well oriented. Following the method proposed by Outka and co-workers 4 the PEY NEXAFS spectra were fitted to a series of Gaussian curves, a step function corresponding to the excitation edge of carbon, and an orientation independent background. The former two series of peaks are plotted as thin solid lines in Fig. 3 ; the background data, which is the same for all angles, has been omitted for clarity. The thick solid line in Fig. 3 , which has been obtained by summing up thin solid lines plus the background data, represents the total calculated NEXAFS spectrum.
Once the intensities corresponding to the 1s→* transitions for the C-F and the C-C bonds are known, one can use these data to start modeling the orientation of the molecule. In Fig. 4 we plot the variation of the CF * ͑circles͒ and CC * ͑squares͒ signals with the sample tilt angle determined by the above procedure from PEY NEXAFS spectra collected from the SF-SAM (SiO x ) sample at EGB of: ͑a͒ Ϫ50 V, ͑b͒ Ϫ100 V, ͑c͒ Ϫ150 V, and ͑d͒ Ϫ200 V. The solid and dashed lines in Fig. 4 represent the best fits to the experimental data using the MBB and BB models, respectively. The lines in Fig. 4 were obtained as follows. As mentioned earlier in the article, we assumed that the-(CF 2 ) y -part adopts a helical 15/7 structure, e.g., poly͑tet-rafluoroethylene͒ ͑PTFE͒, and the-(CH 2 ) x -part that of an all trans CH 2 chains ͑a helical 2/1 structure͒, e.g., transpolyethylene ͑PE͒.
34 Using the tabulated values for the helix repeat unit for PTFE (c PTFE ϭ1.95 nm) 35 and PE (c PE ϭ0.255 nm), 35 the F-C-F bond angle (ϭ108°), 35 the H-C-H bond angle (ϭ110°), 35 the F-C bond length ͑ϭ 0.131 nm͒, 35 the C-C bond length ͑ϭ0.154 nm͒, 35 the covalent radius of F (R F ϭ0.064 nm), 36 and the covalent radius of C (R C ϭ0.077 nm), 36 the chain parameters described in the model can be evaluated. 37 The only adjustable parameters are the average tilt angles of the PTFE and PE helices, ͗ F-helix ͘ and ͗ H-helix ͘, respectively, and the average twist angles of the PTFE and PE helices ͗␤ F-helix ͘ and ͗␤ H-helix ͘, respectively. 38 The allowed ranges of these two sets of angles where I exp,i , and I cal,i , are the experimental and calculated PEY NEXAFS intensities, respectively. We note that both the CF * and CC * data at all experimentally measured EGBs were fitted simultaneously. This procedure was repeated for at least ten different initial guesses; for each initial condition the calculation was allowed to ''equilibrate'' for 15 000-20 000 iteration steps.
The resultant values of ͗ F-helix ͘ and ͗ H-helix ͘ obtained from the BB and MBB models are summarized in Table II . The values in Table II represent an average of over ten different Monte Carlo simulation runs. As indicated, while the PTFE parts of the SF-SAM (SiO x ) molecule are oriented almost perpendicular to the surface of SiO x , the PE parts of the molecule are titled away from the sample normal. While the actual values of ͗ F-helix ͘ and ͗ H-helix ͘ deduced from both models are similar a close inspection of the quality of the fit ͑cf. Fig. 3͒ reveals that the fit to the experimental data using the MBB model is better. Also ͗ F-helix ͘ extracted from the MBB model agrees better with previously reported values on similar systems. 41 Schematics illustrating the orientation of a single SF-SAM (SiO x ) molecule and the monolayer formed from SF-SAM (SiO x ) on the SiO x substrate are presented in Figs. 5͑a͒ and 5͑b͒, respectively. 
FIG. 4. Variation of the PEY NEXAFS intensities corresponding to the 1s
→* transitions for the C-F ͑circles͒ and C-C ͑squares͒ as a function of the sample tilt angle measured at EGB of ͑a͒ Ϫ50 V, ͑b͒ Ϫ100 V, ͑c͒ Ϫ150 V, and ͑d͒ Ϫ200 V on the SF-SAM (SiO x ) sample. The solid and dashed lines represent the best fits to the experimental data using the MBB and BB models, respectively. Because of the very low uncertainty of the experimental PEY NEXAFS intensities ͑better than Ϯ0.1%, Ref. 1͒ the errors associated with the data points in Fig. 4 are smaller than the size of the symbols. 
V. MOLECULAR ORDER PARAMETER AND COP APPROACHES
In the previous discussion, we have shown that the MBB model can be successfully used to model the PEY NEXAFS data to determine the orientation of a molecule on the surface. In this section, we present an alternative approach that, in spite of its simplicity, gives very good estimates of the orientational order of the adsorbed molecules.
Adopting the notation of Stöhr and Samant, 16 we define molecular orientation factors f x , f y , and f z for the C-F and C-C bonds as follows:
where z is an axis normal to the film surface and x and y are orthogonal axes in the plane of the surface while ␣ is the angle between the axis of the * orbital (* symmetry axis͒ and z, and d⍀ is the differential solid angle. The molecular axis distribution function f (␣) is normalized so that ͐ f (␣)d⍀ϭ1 and thus f x ϩ f y ϩ f z ϭ1. An uniaxial orientation order parameter S can then be defined as
where S ranges from ϩ1 (* symmetry axis completely aligned along z͒ to Ϫ1/2 (* symmetry axis lying in the plane of the surface͒. In the above treatment we assume that there is fiber symmetry normal to the plane of the surface, i.e., there is no preferred direction in the plane, an assumption that must hold for our samples. The order parameter defined in this way is analogous to the Herman's orientation parameter of x-ray diffraction.
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Regardless of the amount of orientation of the bond normal to the plane, the PEY intensity I XY () originating from a X -Y bond is predicted to have the following form:
where A XY and B XY are constants. The orientational order parameter S kl can be determined from the values of A XY and B XY as follows:
where P is the polarization factor of the x-ray beam.
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Previously we discussed in detail how a ''modified'' building block model can be used to determine the average tilt angle ͗ F-helix ͘ of the fluorocarbon helix part of single semifluorinated groups with respect to the surface normal. This average tilt angle can be shown to be directly related to the orientational order parameter determined from PEY NEXAFS signal for the C-F bonds S CF as follows:
It is straightforward to define the order parameter S F-helix of the-CF 2 -helix axis relative the surface normal:
As mentioned previously, one needs to account for the energy loss of electrons traveling through the material ͑i.e., the change in inelastic mean-free path͒ to describe the PEY NEXAFS experiments more accurately. We have suggested that to account for the energy losses of electrons traveling through the material, contributions from each C-F bonds have to be weighted and added. Because in this case, we do not have exact information about the position of the individual C-F bonds in the sample, we use an ''effective'' depth for all C-F bonds to calculate the energy loss of the electron traversing through the sample. We proceed as follows. Assume we have a uniform density of CF bonds in a layer L eff at the surface. If those bonds come from a stiff helix of length L, the axes of which make an average angle ͗ F-helix ͘ to the sample normal, they should have an L eff ϭL cos(͗ F-helix ͘). The experimental and ''real'' PEY NEX-AFS intensities originating from a C-F bond, I CF,exp () and I CF,o (), respectively, are related through
By carrying out the integral in Eq. ͑28͒, the correction factor
͑29͒
The analysis then proceeds as follows. First, the experimentally measured PEY C-F signal obtained using the method proposed by Outka and co-workers, 4 the PEY NEXAFS spectra, were fitted to a series of Gaussian curves, a step function corresponding to the excitation edge of carbon, and an orientation independent background. The I CF,exp () values are then fitted to Eq. ͑24͒ and the A CF and B CF coefficients used to calculate S CF and an estimate of ͗ F-helix ͘ using Eqs. ͑25͒ and ͑26͒, respectively. The estimate of ͗ F-helix ͘ is then used in Eq. ͑29͒ to determine K(). The values of K() are applied to correct the I CF,exp () using Eq. ͑28͒ to obtain I CF,o (), which are then again fitted to Eq. ͑24͒ to obtain A CF and B CF , etc. This iterative procedure continues until ͗ F-helix ͘ converges to a constant value. We have set up a simple computer code that performs the iteration. Typically, 5-8 iterations are needed for ͗ F-helix ͘ to converge to a constant value.
VI. COMPARISON BETWEEN THE MBB AND COP MODELS
Recently, we presented results of a continuing study of the morphological arrangement of PS-b -PI copolymers modified with either single or monodendron SF groups with similar structure ͓ -(CH 2 ) x (CF 2 ) y F͔ attached to the PI block of the copolymer. [9] [10] [11] [12] [13] [14] We showed that the surfaces of thin SF polymer films are covered with a uniform layer, consisting of the SF-LC groups that are only slightly tilted away from the sample normal. In addition, we also used NEXAFS to follow temperature driven surface rearrangement of the SF groups on similar samples. 15 The PEY NEXAFS data presented in Refs. 9-15, and 17 were interpreted using the MBB model described in this article.
For the NEXAFS experiments, polymer films were prepared from Ϸ2 wt % solutions of the block copolymer in: ͑1͒ ␣,␣,␣-trifluorotoluene or ͑2͒ 50/50 ͑w/w͒ mixtures of ␣,␣,␣-trifluorotoluene and toluene. After annealing in vacuum at 150°C for 4 hs, the samples were cooled down to room temperature. The NEXAFS experiments were carried out at the NIST/Dow soft x-ray materials characterization facility at the National Synchrotron Light Source at Brookhaven National Laboratory. 31 For these experiments, the EGB of the channeltron detector was set to Ϫ150 V. An important issue concerning the study of organic materials is the possibility of the sample damage during the characterization with ultraviolet ͑UV͒ light, x-ray, and electron radiation. 44 Semifluorinated materials are particularly sensitive to these effects. Hence, a fresh area of the sample was exposed to the x-ray beam spot for each measurement to minimize possible beam damage effects. Moreover, NEXAFS spectra showed no damage effects for at least three consecutive runs taken from the same spot on the sample.
To quantify the orientational order we first followed the method of Outka and co-workers 4 and fit the PEY NEXAFS spectra to a series of Gaussian curves representing the different 1s→* transitions, a step function corresponding to the excitation edge of carbon, and a background. The MBB and the COP models described earlier in the article were then used to determine the values of the average tilt angles of the fluorinated part ͗ F-helix ͘ of the semifluorinated chain on the sample surface. Table III with increasing x and with decreasing y. Moreover, ͗ F-helix ͘ is found to be independent of the surface topology ͑flat surfaces versus surfaces covered with holes or islands of the copolymer͒, casting solvent, and the architecture of the SF group ͑single versus two-armed monodendron͒. Additionally, the BC-F8 sample (ϭ51°Ϯ5°) is close to the NEXAFS ''magic angle'' ͑ϭ54.7°͒ suggesting that the -(CF 2 ) 8 F molecules on the surface of the BC-F8 sample are completely disordered.
Also shown in Table III unchanged is expected to affect the result from the MBB model but will have no effect on the COP result. The deviations between the MBB and COP models are expected to be stronger for molecules standing straight up (͗ F-helix ͘→0) and will diminish with increasing ͗ F-helix ͘. This is in accord with the results presented in Table III . Earlier in the article we pointed out that one of the strengths of the setup at the NIST/Dow soft x-ray materials characterization facility at the Brookhaven National Laboratory is the ability of adjusting the EGB of the channeltron detector. By increasing the negative EGB, a crude depth profiling within the top Ϸ5 nm of the sample surface is possible, by detecting only those Auger electrons, which have suffered negligible energy loss. Moreover, based on the arguments presented above, one would expect that for higher EGBs, which select the Auger electrons that escape predominantly from the sample surface, the agreement between the MBB and the COP models improves. For example, by increasing EGB from Ϫ100 to Ϫ200 V * decreases by almost 50% ͑Table I͒; as a result the PEY NEXAFS signal detected at the higher EGB involves mainly those Auger electrons that originate from a thinner region underneath the surface.
VII. SUMMARY
In summary, in this article we demonstrated that the orientation of simple organic molecules on solid substrates can be evaluated using a modification to the existing BB model. The MBB model proposed in this work removes the limitations on the original BB model 4 by properly accounting for energy losses of the Auger electrons traversing through the sample. We tested the applicability of the MBB model by measuring the orientation of a self-assembled monolayer of -O 1.5 Si-(CH 2 ) 2 -(CF 2 ) 8 F, SF-SAM (SiO x ), deposited on top of a SiO x -covered silicon wafer and showed that compared to the BB model the MBB approach provides a more accurate description of the orientation of the SF-SAM (SiO x ) molecule. As discussed elsewhere, the MBB model proves beneficial in determining the molecular orientation of model semifluorinated liquid crystalline groups on the surfaces of polymer thin films. [9] [10] [11] [12] [13] [14] Moreover, our measurements of the EGB-dependent electron escape depth revealed that a crude depth profiling within the top Ϸ5 nm of the sample is possible by increasing the negative EGB on the channeltron detector, at the highest bias, thus selecting only the Auger electrons that have suffered negligible energy loss.
Additionally, we showed that information about the orientation of molecules on flat substrates can also be obtained by using the so-called COP approach. In contrast to the MBB model, the COP is much simpler and model independent. We tested the applicability of the COP model by evaluating NEXAFS data collected from model SF molecules attached to polymeric and SiO x -covered substrates. We have shown that for larger values of ͗ F-helix ͘, the average tilt angles of the fluorinated part of the semifluorinated chain, there is a quantitative agreement between the MBB and COP results.
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